ABSTRACT Control of Frankliniella occidentalis (Pergande) is a serious problem for agriculture all over the world because of the limited range of insecticides that are available. Insecticide resistance in F. occidentalis has been reported for all major insecticide groups. Our previous studies showed that cytochrome P450-mediated detoxiÞcation is a major mechanism responsible for insecticide resistance in this pest. Degenerate polymerase chain reaction was used to identify P450 genes that might be involved in acrinathrin resistance, in a laboratory population of F. occidentalis. Associated sequences were classiÞed as belonging to the CYP4 and CYP6 families. Real-time quantitative polymerase chain reaction analyses revealed that two genes, CYP6EB1 and CYP6EC1, were over-expressed in adults and L2 larvae of the resistant population, when compared with the susceptible population, suggesting their possible involvement in resistance to acrinathrin.
The western ßower thrips, Frankliniella occidentalis (Pergande) (Thysanoptera: Thripidae), is considered one of the most-economically important pests of vegetable and fruit crops and ornamental plants throughout the world (Bielza 2008) . Although damage to crops caused by this polyphagous insect through feeding is important, the major economic impact on world agriculture results from its high capacity to transmit tomato spotted wilt virus (TSWV) (Bielza et al. 2007 ). Chemical control has been the primary strategy for this virus-vector pest, especially in horticultural crops susceptible to TSWV, and usually a great number of treatments against F. occidentalis are applied (Contreras et al. 2001) .
However, the continuous and irrational use of insecticides combined with some characteristics of this thrips, namely its short life cycle, high reproductive potential and haplodiploid breeding system, in which resistance genes in the haploid males are selected after insecticide treatment, irrespective of intrinsic dominance or recessiveness of the alleles (Jensen 2000) , has led to F. occidentalis developing resistance to all the major insecticide groups: organochlorines, organophosphates, carbamates, pyrethroids, and spinosyns (Bielza 2008) .
Our previous studies suggested that the major mechanism of resistance to the insecticides formetanate, methiocarb, (carbamates), acrinathrin, deltamethrin (pyrethroids), and methamidophos (organophosphate) in F. occidentalis is mediated by cytochrome P450 monooxygenases (P450s), which confer cross-resistance to three speciÞc insecticides used against thrips: formetanate, methiocarb, and acrinathrin (Espinosa et al. 2005) . However, metabolic detoxiÞcation is not the mechanism of resistance to spinosad insecticide (spinosyn class) in this thrips. The synergists PBO, S,S,Stributyl phosphorotrithioate (DEF), and diethyl maleate (DEM) do not enhance the toxicity of spinosad to the resistant F. occidentalis strains. In addition, spinosad shows no cross-resistance to formetanate, methiocarb, or acrinathrin. All these results suggest that the mechanism of resistance to this insecticide in F. occidentalis may be an altered target site (Bielza et al. 2007a,b) .
The P450s are a multigenic super-family of enzymes, encoded by CYP genes, which play an important role in the oxidative metabolism of a wide variety of both endogenous and exogenous substances, catalyzing many different reactions involved in growth, development, nutrition, tolerance to plant toxins, and resistance to insecticides in insects (Feyereisen 1999) . It has often been cited that insecticide detoxiÞcation mediated by P450s is because of increased enzyme levels, resulting from their elevated expression. Overexpression of P450 genes has been reported in a number of insecticide-resistant agricultural pests, such as Manduca sexta L. (Snyder et al. 1995) , Diabrotica vir- gifera virgifera (LeConte) (Scharf et al. 2000 (Scharf et al. , 2001 , Helicoverpa armigera (Hü bner) (Xiao-Ping and Hobbs 1995; Pittendrigh et al. 1997; Ranasinghe et al. 1997; Hobbs 1998, 1999a,b; Wu et al. 1999; Chen et al. 2005; Yang et al. 2006; Grubor and Heckel 2007) , Helicoverpa zea (Boddie) (Sasabe et al. 2004) , Heliothis virescens F. (Rose et al. 1997) , Locusta migratoria L. (Winter et al. 1999) , Ceratitis capitata (Weidemann) (Danielson et al. 1999) , Lygus lineolaris (Palisot de Beauvois) (Zhu and Snodgrass 2003) , Ips paraconfusus (Lanier) (Huber et al. 2007) , Plutella xyllostella L. (Li et al. 2005 , Bautista et al. 2007 , Tribolium castaneum (Herbst) (Xu et al. 2009 ), and Bemisia tabaci (Gennadius) (Karunker et al. 2008 , Zhuang et al. 2011 . In these pests, the genes implicated in resistance mainly belong to the CYP4 and CYP6 families of the P450s. These two families are frequently associated with insecticide resistance: Ϸ45 and 20% of a total of 256 full-length sequences of P450 genes obtained from insects resistant to insecticides belong to the CYP4 and CYP6 families, respectively (Zhuang et al. 2011 ).
As mentioned above, our previous studies (Espinosa et al. 2005) suggested that P450s are implicated in the detoxiÞcation of insecticides usually applied for F. occidentalis control: formetanate, methiocarb, methamidophos, deltamethrin, and acrinathrin. This study explored whether the P450 families commonly associated with insecticide resistance, CYP4 and CYP6, are also associated with the acrinathrin resistance of F. occidentalis. Here, we report on the characterization of two new P450 genes potentially involved in the metabolic resistance to acrinathrin in both the adult and L2 larvae life-stages of F. occidentalis.
Materials and Methods
Thrips Populations. Two populations of F. occidentalis were used in this study. These populations have been characterized in previous studies as susceptible, MLFOM, and resistant, ACR9. The MLFOM population was collected from an organic peach crop characterized by a low use of insecticides (Espinosa et al. 2005) . The ACR9 population was collected from green pepper crops (Capsicum annuum L.). Its resistance to acrinathrin was conÞrmed in the laboratory and it showed cross-resistance to methiocarb and formetanate (Espinosa et al. 2002a ). Both populations were collected in the Murcia region of southÐ east Spain and have been maintained in the laboratory since 2001. The resistance values were conÞrmed by Contreras et al. (2008) : LC 50 (lethal concentration) ϭ 9323 mg/ liter (ACR9) and 10.0 mg/liter (MLFOM), RF (resistance factor) ϭ 932 (ACR9) and 1.0 (MLFOM). Periodical insecticide bioassays are performed in the laboratory to conÞrm the resistance values.
Total RNA Extraction and Synthesis of cDNA. Three hundred female adults of the ACR9 population were treated with 60 ppm (Þeld dose) acrinathrin in acetone (Espinosa et al. 2002b) , for induction of P450 expression. The treatment was applied according to the following procedure: Þrst, thrips were introduced into vials and inactivated by placing on a cool surface (10ЊC) (Peltier device). Then, they were tapped onto a Þlter paper, which serves to draw off excess insecticide. The insecticide was applied with a Pasteur pipette, which allows the placement of one drop, to soak each insect completely. After 5 s, the insects were tapped onto another Þlter paper and aspirated with the aid of a weak vacuum into plastic vials (10 adults/ vial) containing green pepper leaves to feed upon. The vials were closed with a piece of cellulose paper below the cap, to prevent water condensation, and maintained in a vertical position at 25 Ϯ 2ЊC with a photoperiod of 16:8 (L:D) h cycle. The mortality was assessed after 24 h. The surviving individuals (Ϸ80% of the treated population) were used for RNA extraction.
The total RNA was isolated from adults (5 mg) and L2 larvae (12 mg) of the resistant ACR9 and susceptible MLFOM populations of F. occidentalis using a TRIzol Plus RNA PuriÞcation kit (Invitrogen, San Diego, CA). The cDNA was synthesized from 1 g of total RNA following the protocol of the Super Script III First Strand Synthesis System for RT-PCR (Invitrogen), using the 50 M oligo (dT) 20 primer provided with the kit. The reverse transcription thermal cycle conditions were 50ЊC for 50 min followed by deactivation at 85ЊC for 5 min.
PCR Amplification of P450 cDNA Fragments, Cloning, and Sequence Analysis. For the ampliÞcation of P450 genes, CYP4 and CYP6 degenerate primers were used (Table 1 ). These primers were described by Sutherland et al. (1998) and Rongnoparut et al. (2003) , respectively. Degenerate polymerase chain reaction (PCR) ampliÞcation was conducted in a Þnal volume of 25 l containing 1 l of each primer (20 M), 0.3 l of TaqDNA polymerase 5U/l (Ecogen, Barcelona, Spain), and 1 l of ACR9 cDNA.
The PCR conditions consisted of an initial denaturation step at 94ЊC for 5 min, followed by 35 cycles of 30 s (CYP4)/1 min (CYP6) denaturation at 94ЊC, 1 min annealing at 57ЊC (CYP4)/58ЊC (CYP6), and 30 s (CYP4)/1 min (CYP6) extension at 72ЊC. The last extension step was lengthened to 7 min at 72ЊC. PCR products of the expected size (Ϸ450 bp for CYP4 and Ϸ700 bp for CYP6) were puriÞed from 1.5% (wt:vol) agarose/TBE 1X gel using a QIA Quick Gel Extraction kit (Qiagen, Hilden, Germany) and cloned in TOPO TA (Invitrogen). Plasmids were puriÞed using a PureLink Quick Plasmid Miniprep (Invitrogen) and sequenced at SECUGEN SL, Servicio de Secuenciació n, Centro de Investigaciones Bioló gicas, CIB, Madrid, Spain.
Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 4.0 (Tamura et al. 2007 ). Multiple alignments of sequences were performed with the CLUSTAL W program (Thompson et al. 1994 ). The BLAST program was used to search homologous P450 sequences in the National Center for Biotechnology Information (NCBI) databases (http://www.ncbi.nlm.nih.gov/). The phylogenetic trees were inferred using the Neighbor-Joining method (Saitou and Nei 1987) (Kimura 1980) . The consensus tree was inferred from 2,000 bootstrap replicates. Quantification of Transcription by Real-Time Quantitative PCR. The assay was performed on an ABI 7500 Real-Time PCR System (Applied Biosystems, Foster City, CA) using a two-step, singleplex method. Each real-time quantitative PCR (qPCR) reaction (Þ-nal volume, 25 l) contained 12.5 l of 2X SYBR Green PCR Master mix (Applied Biosystems), 200 nM of each (forward and reverse) qPCR primer, and 5 l of cDNA as template.
SpeciÞc qPCR primers were designed for four CYP4 and Þve CYP6 genes on the basis of their partial nucleotide sequences obtained with degenerate primers. The relative expression of each CYP gene was measured in reference to the ␤ actin gene. A preliminary analysis was carried out to determine the expression level of the ␤ actin gene: its expression level was similar in all samples analyzed. For this reason, this gene was chosen as the endogenous gene and a partial sequence of it was isolated from F. occidentalis (GenBank accession no. GQ290644) and used to design primers for this endogenous gene control. All primers were designed according to ABI parameters, using Primer Express version 2.0 (Applied Biosystems). The amplicon length in all cases was 100 bp ( Table 1) .
The reaction was conducted under standard thermal cycle conditions (95ЊC for 10 min, 40 cycles of 95ЊC for 15 s, and 60ЊC for 1 min) followed by a dissociation step (95ЊC for 15 s, 60ЊC for 15 s, and then a slow ramp to 95ЊC) to conÞrm the speciÞcity of the qPCR reaction. Each reaction was performed in triplicate, to minimize variation within experiments, and three independent biological replicates of resistant and susceptible populations (adults and L2 larvae) were used. A negative water control for each primer pair was included to rule out the possibility of crosscontamination.
The data obtained from the assay were used to compute the expression ratio of CYPs genes relative to FoR2 ␤ actin as the endogenous control. Brießy, the calculations were based on the qPCR efÞciency (E) for each gene and the sample threshold cycle (Ct) values. The efÞciencies for each gene were estimated by running reactions with a dilution series of cDNA template with primer pairs used in the study, and the threshold cycle (Ct) versus cDNA concentration relationship was plotted to calculate the respective slope values. The corresponding qPCR efÞciencies were calculated according to the equation: E ϭ 10 [-1/slope] (Pfafß 2001). The resulting E values for each gene examined were the basis for the calculation and further randomization tests with REST 2009 software (Pfafß et al. 2002 ; http://www.gene-quantiÞcation.de), and the differences in target genes expression between susceptible and resistant samples were assessed in group means for statistical signiÞcance (REST).
Rapid Amplification of cDNA Ends by PCR. The 3Ј and 5Ј rapid ampliÞcation of cDNA ends RACE reactions were performed to obtain the full-length cDNA sequence of the two CYP6 genes over-expressed in the acrinathrin-resistant F. occidentalis population: F.occ.RE14 and F.occ.RT16. For this purpose, the SMARTer RACE cDNA AmpliÞcation kit (Clontech, Mountain View, CA) was used. The Þrst strand 5Ј RACE-cDNA and 3Ј RACE-cDNA were synthesized with SMARTScribe Reverse Transcriptase by using the total RNA of an acrinathrin-resistant F. occidentalis population as template (total RNA, 20 ng/l, recently extracted as described previously). The partial F.occ. RE14 gene sequence obtained with CYP6 degenerate primers was used to design RACE gene-speciÞc primers (GSP-RE14) ( Table 1 ). These primers, together with universal primer and 3Јand 5Ј RACE-cDNA, were used in PCR ampliÞcation to obtain 3Ј and 5Ј partial cDNAs, which were combined to obtain the fulllength of F.occ.RE14. The ampliÞcation conditions were as follows: Þve cycles of 94ЊC for 30 s, 72ЊC for 2 min; 5 cycles of 94ЊC for 30 s, 70ЊC for 30 s, 72ЊC for 2 min; and 25 cycles of 94ЊC for 30 s, 68ЊC for 30 s and 72ЊC for 2 min. The 5Ј and 3ЈRACE-PCR products were extracted from 1.5% (wt:vol) agarose/TBE 1X gel using Nucleo Trap Gel Extraction (Clontech). The gel extracts were cloned and sequenced as described above. The full-length cDNA sequence of F.occ.RE14 was assembled from the contigs, and the putative coding sequence was analyzed by BLAST. To conÞrm the correct alignment, we generated the full-length cDNA of F.occ.RE14 by long-distance PCR using primers designed from the extreme 5Јand 3Ј ends of the coding region (CY6EB1 , Table 1 ) and the 5Ј RACE-cDNA as template. The PCR products were puriÞed, cloned, and sequenced as described above. The putative fulllength protein sequence of F.occ.RE14 was compared with others in the GenBank database. The full-length cDNA sequence of the F.occ.RT16 gene was obtained by applying the same procedures as for the F.occ.RE14 Fig. 1 . Alignment of deduced amino acid sequences of CYP4 isolates from F. occidentalis. Conserved domain common to P450s families are framed, including CYP4-speciÞc residue sequence of helix I, EVDTFMFEGHDTT (7 of 13 residues; position 1Ð7), and P450 heme-binding motif PFxxGxxxCxG/A (position 148Ð158). Identical residues are designated by dots. A dash denotes a gap. gene. All reactions were performed using Advantage HF 2 PCR Polymerase (Clontech).
Results
Cytochrome P450 cDNA Sequences. From the degenerate PCR, 31 CYP sequences from F. occidentalis were identiÞed successfully. Of these sequences, 12 belonged to CYP4 and 19 to CYP6 families. The sequence alignments revealed four distinct groups of sequences within both the CYP4 and CYP6 families. The number of sequences per group in CYP4 was G1:4, G2:2, G3:1, and G4:5. All these sequences are deposited in the GenBank database under the accession numbers EU835519 to EU835522 and JF303721 to JF303728. The genetic divergence within and among groups of sequences indicates that each group represents a single gene ( Table 2 ). The alignment of deduced amino acid sequences (Fig. 1) seems to support this assumption. Amino acid differences in position one in G1, position 89 in G4 and position 143 in G2 can be attributed to PCR errors. The presence of the P450 motif PFxxGxxxCxG/A and a portion of the speciÞc CYP4 motif EVDTFMFEGHD demonstrates that these sequences represent fragments of CYP4 genes. Furthermore, these sequences shared signiÞcant identities with several CYP4 genes from different insect species (Table 3 ; Fig. 2 ).
As mentioned above, the CYP6 sequences obtained in this study were also distributed in four groups, consisting of 11 (G1), three (G2), two (G3), and three (G4) sequences, respectively. These sequences can be retrieved from the GenBank database under the accession numbers GQ290640 to GQ290643 and JF303706 to JF303720. The genetic divergence within and among the groups of sequences again suggests that each group might represent a single gene (Table 4 ). The alignment of deduced amino acid sequences (Fig. 3) corroborates this presumption. Differences in the deduced amino acids in the G1 group might also represent PCR or sequencing errors, while differences in F.occ.RT9 with respect to F.occ.RE5 and F.occ.RT5 (G4) cannot be attributed to PCR errors. Although in the phylogenetic analysis (Fig. 4) these three sequences branched together, the genetic divergence within G4 (0.28) seems to indicate that F.occ.RT9 is a variant in this gene. The CYP6 sequences from F. occidentalis also represent fragments of CYP6 genes; they were conÞrmed as CYP6 sequences by a homologous search against the GenBank database (Table 3 ) and most of them include conserved domains common to CYP6 members, such as the sequence PxxFxPDRF and the putative "meander" binding sequence ExxR (Fig. 3) . One representative sequence per group was selected for homology search in the GenBank data base. a CYP6-like: group 1; F.occ.RE14 (GenBank accession no. GQ290643.1), group 2; F.occ.RE16 (GenBank accession no. GQ290640.1), group 3; F.occ.RE4 (GenBank accession no. JF303716), group 4; F.occ.RT5 (GenBank accession no. JF303718), group 4; F.occ. RT9 (GenBank accession no. JF303720).
b CYP4-like: group 1; F.occ.R50 (GenBank accession no. EU835522.1), group 2; F.occ.R1.4 (GenBank accession no. EU835520.1), group 3; F.occ.R13 (GenBank accession no. EU835521.1), group 4; F.occ.R8 (GenBank accession no. EU835519.1).
Expression of P450 Genes in Resistant and Susceptible Adults and L2 Larvae of F. occidentalis.
To quantify the expression of nine P450 genes obtained in this study, speciÞc primers were designed and used in qPCR reactions (Table 1) . One sequence per group of CYP4 and CYP6 genes was selected for primer design; in the case of nucleotide differences within a group of sequences, we chose a region free of differences to design the forward and reverse primers.
No differences in gene expression levels were detected in the four CYP4 genes analyzed, neither in adults nor in L2 larvae. However, two CYP6 genes, RE14 (group 1) and RT16 (group 2), were over-expressed in the acrinathrin-resistant population, in comparison with the susceptible one (Table 5 ). These two genes were over-expressed in adults and L2 larvae, suggesting that their over-expression does not differ among life stages.
Characterization of Over-Expressed CYP6 Genes. Because CY6RT16 and CYP6RE14 were the genes associated with acrinathrin resistance in F. occidentalis, 3Ј and 5Ј RACE reactions were performed to identify the complete cDNA sequences. The complete gene sequences (Fig. 5) were named in accordance with the P450 Nomenclature Committee Convention (http://www.drnelson.utmem.edu/ CytochromeP450.html). (Dr. David Nelson, Department of Molecular Science, University of Tennessee, Memphis, TN) as CYP6EB1 (RE14) and CYP6EC1 (RT16). According to D. Nelson (personal communication), CYP6EB1 has 47% sequence homology to CYP6AG1 (Anopheles gambiae (Giles), GenBank accession no. AY745223.1 [David et al. 2005] ) and 40% Table 3 . The phylogenetic tree was inferred using the Neighbor-Joining method with Kimura 2-parameters model. The consensus tree was inferred from 2,000 bootstrap replicates.
to CYP6N6 (Aedes aegypti L. (Strode et al. 2008] ) while CYP6EC1 has 47% sequence homology to CYP6AF1 (Anopheles funestus (Giles), GenBank AY987351.1 (Amenya et al. 2005) ] and 41% to CYP6AA5v1 [A. aegypti (Marcombe et al. 2009)] . CYP6EB1 contains a 1530-bp open reading frame and CYP6EC1 contains a 1512-bp open reading frame. The two sequences are deposited in the GenBank database with accession numbers JF504647 and JF504646, respectively.
Discussion
Insecticide resistance in F. occidentalis Þeld populations was detected Ϸ10 yr ago in Murcia, one of the principle tomato (Lycopersicon esculentum Miller) and green pepper producing and exporting regions in Spain (Contreras et al. 2001; Espinosa et al. 2002a,b) .
A previous study on the interactions between six insecticides belonging to three classes (methiocarb, formetanate, acrinathrin, deltamethrin, methamidophos, and endosulfan) and three potential synergists, PBO (piperonyl butoxide), a microsomal monooxygenase inhibitor, DEF (S,S,S-tributyl phosphorotrithioate), an esterase inhibitor, and DEM (diethyl maleate), an inhibitor of glutathione S-transferase (GST) activity, showed that, except for endosulfan, PBO synergized all the insecticides. Therefore, it was suggested that the major mechanism of resistance to these insecticides in F. occidentalis is metabolic, being mediated by cytochrome-P450 monooxygenases and conferring cross-resistance among insecticide classes (Espinosa et al. 2005) .
Monooxygenase-mediated detoxiÞcation is a common mechanism by which insects become resistant to insecticides (Scott 1999) . It has often been mentioned that insecticide detoxiÞcation by P450s can be because of increased P450 gene expression or to a change in the protein (Scott 1999 ).
In the current study, we explored two P450 families (CYP4 and CYP6) with regard to their involvement in resistance to the pyrethroid acrinathrin in F. occidentalis. The comparative transcript expression of the resistant (ACR9) and susceptible (MLFOM) populations, determined by qPCR, revealed that two genes, CYP6EB1 and CYP6EC1, were over-expressed in the resistant strain compared with the susceptible one, in both adults and L2 larvae (Table 5) , suggesting their involvement in acrinathrin resistance. The expression levels of three other CYP6 genes and four other CYP4 genes isolated did not differ signiÞcantly between the two populations, suggesting that they are not associated with resistance and are probably not involved in detoxiÞcation of acrinathrin in F. occidentalis. Our results are in agreement with other reports demonstrating that not all P450s isolated from insecticideresistant insects are over-expressed (Pittendrigh et al. 1997 , Ranasinghe and Hobbs 1998 , Zhu and Snodgrass 2003 , Bautista et al. 2007 , Rongnoparut et al. 2003 .
Worldwide, P450-mediated detoxiÞcation seems to be the major mechanism of pyrethroid resistance. It is well documented for insect vectors causing human diseases as well as in plant pests. In the latter case, P450 over-expression related to pyrethroids resistance was reported for H. armigera (Xiao-Ping and Hobbs 1995 , Pittendrigh et al. 1997 , Ranasinghe and Hobbs 1998 , Chen et al. 2005 , Grubor and Heckel 2007 , Kranthi et al. 2001 , Qiu et al. 2001 , Martin et al. 2003 , L. lineolaris (Zhu and Snodgrass 2003) , P. xyllostella (Li et al. 2005 , Bautista et al. 2007 , Zhuang et al. 2011 , Baek et al. 2010 , and B. tabaci (Zhuang et al. 2011) . Our study suggests that in F. occidentalis at least two P450 genes are involved in acrinathrin resistance. The involvement of more than one gene in insecticide resistance was reported also by other authors: for example, in Musca domestica L. (Cariñ o et al. 1994, Liu and Scott 1996) , Drosophila melanogaster (Meigen) (Brandt et al. 2002 , Pedra et al. 2004 , L. lineolaris (Zhu and Snodgrass 2003) , H. armigera (Yang et al. 2006 , Qiu et al. 2001 , P. xylostella (Bautista et al. 2007), and A. aegypti (Poupardin et al. 2010 ). The participation of two genes in the resistance suggests a high plasticity for insecticide resistance and may explain the difÞculty in Table 3 . The phylogenetic tree was inferred using the Neighbor-Joining method with Kimura 2-parameters model. The consensus tree was inferred from 2,000 bootstrap replicates.
managing insecticide resistance in F. occidentalis (Bielza 2008) . Considering that P450 genes are often found in chromosomal clusters, our results are in agreement with a previous study suggesting that resistance to acrinathrin is probably controlled by one locus ). It has been reported that P450s are either expressed in all developmental stages or are life stage-speciÞc, depending on the species: in Drosophila Fallé n (Gandhi et al. 1992) , M. domestica (Cohen and Feyereisen 1995) , A. gambiae (Strode et al. 2006) , A. sollicitans (Walker) (Huang et al. 2008) , T. castaneum (Xu et al. 2009 ), and A. aegypti (Poupardin et al. 2010 ), P450s are expressed in different life stages, whereas in H. armigera (Ranasinghe et al. 1997) , A. gambiae (Nikou et al. 2003) , Culex pipiens quinquefasciatus Say (Hardstone et al. 2007) , Amblyseius womersleyi (Womersley) (Sato et al. 2007) , B. tabaci (Nauen et al. 2008) , and Anopheles funestus (Amenya et al. 2008) , their expression is life stage-speciÞc. In this work, the CYP6EB1 and CYP6EC1 genes were over-expressed in adults and also in L2 larvae (Table 5 ). The similar expression levels obtained in these two life stages suggest that resistance to acrinathrin is not life stage-dependant in F. occidentalis. Our results are in agreement with those of Contreras et al. (2010) , who found that resistance to three speciÞc insecticides, including acrinathrin, occurs in both adults and larvae. This could be relevant for resistance management in the Þeld, because it indicates that an insecticide treatment selects for resistance among both the adults and larvae of one generation. The over-expression of CYP6EB1 and CYP6EC1 found in this study implicates this P450 family in the acrinathrin resistance of F. occidentalis, conÞrming our previous synergist studies (Espinosa et al. 2005) . Our research does not suggest that the CYP4 family is associated with acrinathrin resistance; however, this family could be involved in resistance to other insecticides, as has been demonstrated by other authors (Zhuang et al. 2011 ). Scott and Kasai (2004) suggested that pyrethroid resistance can evolve through the participation of different P450s, even in strains selected with the same insecticide. Insects can evolve monooxygenase-mediated resistance through the over-expression of either a single or, more commonly, a set of P450 genes, as observed in H. armigera (Qiu et al. 2001 , Yang et al. 2006 . Therefore, we do not rule out the possibility that, in F. occidentalis, other P450 families might be involved in the resistance to acrinathrin and that also CYP6 family members might be implicated in the resistance to other speciÞc insecticides used to control this pest. Further studies are necessary to conÞrm the involvement of other P450 genes in PBO-suppressible resistance in F. occidentalis. We consider such studies indispensible for the development of effective management strategies for this pest.
